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COMPLETE SPEanCATION. 

Multilayer Electrical Circuit Assemblies and Processes for 

Producing Such Assemblies. 



We, INTELLUX, Inc.. a corporation 
organized under the laws of the Mate of 
California, United States of America, of 30 
South Salsipuedes Street, Santa Barbara, 

5 California. United States of America, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, 
and the method by wluch it is to be per- 
formed, to partictilarly described in and 

10 by the following statement: — 

This invention relates to printed circuits 
and, in particular, to multilayer circuits and 
to methods of making such drcuits. 
Printed circuits are ordinarily two-dimen- 

15 sional in nature and often utilize complex 
layouts to avoid cross-overs of the conduc- 
tors. Some multilayer drcuits have been 
developed and used but have various size, 
performance and economic disadvantages. 

20 It is an object of the present invention to 
provide a new multilayer circuit assembly 
and a process of making such a circuit which 
is compact, dependable and relatively in- 
expensive. 

26 The present invention provides a multi- 
layer ciicuit assembly, including first and 
second electrical circuits disposed in substan- 
tially parallel planes, an insulating layer posi- 
tioned between said circuits, said layer hav- 

30 ing openings at zones where said circuits 
are to be electrically comiected together, and 
a metiU plug, formed by cdectrodepositioii 
filling an opening in said insulating layer 
and mterconnecting the adjoining ix>rtions of 

35 said first and second drcuits providing sub- 
stantialfy flat upper and lower surfaces over 
the entire zone of interconnection. The 
present invention also pnmdes processes for 
produdng such assemblies. 
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It is a feature that this drcuit is not limited 45 
in the number of layers which can be 
utiHzed and will still provide firm electrical 
interconnection as dcared between all layers. 
Grcuit assemblies are curroitly being pro- 
duced having twelve drcuit layers with the 45 
over-all thickness of the layers bdng in the 
order of 0.070 inch. 

It is also noted that the multilayer drcuit 
has metallurgical bonds at the interconnec- 
tions of the circuits. It is preferred to pro- 
vide such an assembly in which the over- 
lying drcuits are produced by electrodeposi- 
tion of metal to m the drcmts in place and 
produce the metallurgical bonding. 

It is also important that this method in- 
sures tl:at openings of various depths in the 
insulating layers between the circuits are 
comf^tdy filled with metal which is firmly 
bonded to each appropriate circuit The 
metal interconnecting the drcuits form jplugs 60 
which are suitable for drilling for receiving 
wires and component leads with the metal 
plugs bdng homogeneous and anchored in 
place in the structure. 

It is also of interest to note that the in- 65 
sulating layers in this multilayer drcuit can 
have rdnforcing sheets which also serve to 
anchor the interdrcuit connections in place. 
The multilayer circuit may be prepared on 
an insulating base or on a conducting base 70 
and may be used in conjunction with addi- 
tional drcuit components. Also, the multi- 
layer drcuit may be made as an inlaid 
ciicuit having a flush surface smtable for 
switdung and commutatmg applications. 

The invention also comprises noveS details 
of construction mi novd process steps 
whddi will more fully appear in the course 
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of the following description. The drawings 
merely show and the description merely des- 
cribes preferred embodiments of the present 
invention which ate given by way of illus- 
5 tration or example. 
In the drawings: 

Figure 1 is a schematic diagram of a 
typical circuit to be produced by the inven- 
tion; 

10 Figures 2—7 illustrate steps in the pre- 
ferred embodiment of the invention: 

Figures 8 — 10 are diagraais of the in- 
dividual circuits which are comt»ned to pro- 
duce the circuit of I^gure 1; 

15 Figures 11 — 14 illustrate steps in an 
alternative fonn of the invention; and 

Figures 15 and 16 illustrate steps in an- 
other embodiment of the invention. 
Rgure 1 illustrates an electrical circuit 

20 whidh is to be produced by the process of 
the invention. The circuit includes a plur- 
ality of terminals indicated by dots 20. 
which terminals are interconnected in a par- 
ticular pattern by conductors indicated by 

25 lines 21. It is required that there be no 
electrical interconnection between the con- 
ductors except at the terminals. Hence a 
circuit of the configuration of Figure 1 can- 
not be produced in a slngte laver. In the 

30 embodiment illustrated herein, the drcuit of 
Figure 1 is produced in three layers which 
are separated by insulating coatings. Ap- 
propriate steps are performed to produce the 
required interconnections between the layers. 

S5 The configuration of the first layer or first 
circuit is shown in Figure 8. the configura- 
tion of tiie second layer or circuit is shown 
in Figure 9, and the configuration of the 
third layer or circuit is shown in Figure 10. 

40 Overlying terminals are interconnected 
through the insulating coatings in a manner 
to be described bdow. 

In the process illustrated in Figures 2—7, 
a first drcuit 24 is applied to an insulatmg 

45 base 25. The base 25 may be a sheet of 
ceramic or plastic or may he a sheet of metal 
having an msolatii^ coating on the surface 
thereof. The first circuit 24 may be applied 
by conventional methods, such as by an 

50 etched foil process or by painting or screen- 
ing a conducting paste onto the base. 

Next an insulating coating 26 is applied 
to the surface of the structure. The insulat- 
ing coating is api^ed in a particular {)at- 

55 tern, normally by a spraying or screening 
process, to cover at l^st those portions of 
tiie first circuit which are to be insulated 
from tiie second drcuit and to leave ex- 
posed those portions of the first drcuit which 

60 are to be electrioJly connected to the second 
drcuit Normally it is easiest to cover sub- 
stantially the entire surface of the structure 
except for ^ts overiying the particular 
termmals which are to be interconnected 

05 with teiminals of tiie second circuit Typic- 



ally, the insulating coating 26 will be an 
epoxy resin paint which is applied in a thick- 
ness in the order of 0.006 inch. The in- 
sulating coatmg 26 with an opening 27 there- 
in is seen in Hgure 3. 70 

In the next step, a thin layer of electric- 
ally conducting material is applied over the 
entire surface of the structure. This thin 
layer is preferably in the order of one 
micron tMck and may be applied by known 75 
processes, such as the chemical reduction 
process, or the vapor deposition process. 
The chemical reduction process is preferred 
as it provides a good metallurgical bond 
witii the underlying metal. Ordmarily the 80 
thin layer 28 will be of copper but other 
metals may be used when desired. 

After the insulating coating 26 has been 
applied and prior to application of the thin 
conducting layer 28, the exposed portions 85 
of the first circuit 24 may be built up to 
tiie level of the coating 26, by dectroplating 
material in the opemngs 27. This provides 
a smooth surface for subsequent application 
of the thin layer 28. 90 

In the next step, a second drcuit 31 is ap- 
plied on the thm conducting coating 2S. 
Various processes may be used for applying 
the second drcuit In the embodiment of 
Figures 2—7, a mask 32 is applied over the ft5 
coating 28 leaving expc^ed areas correspond- 
ing to the second drcuit The second drcuit 
is then deposited by dectroplating metal, 
ordinarOy copper, onto the exposed areas 
of the mn conducting coating 28 to build 100 
up the second drcuit to the desired thick- 
ness. It should be noted that the chonically 
deposited thm coating 28 will contact the 
first drcuit 24 throu^ the openings in the 
insulating coating 26 so that the dectro- 105 
deposited second drcuit fills these openings 
and is metaUurgically bonded to the first 
drcmt at the interconnection points. Ordin- 
arily the masking layer 32 is then removed. 

The exposed portions of the thin conduct- liO 
ing coating 28 are now removed as by 
diemical etching. Since this coating is only 
about one micron thick, this etdirag pro- 
cess does not affect the second drcuit which 
is in the order of three of four thousandths 115 
of an indb thick. 

In an alternative process for applying the 
second drcuit a layer of metal may be 
dectroplated onto the thin coating 28 to the 
desired tiiickness of the second drcuit, 120 
usually about three thousandths of an inch. 
This clectrodepodted layer is then masked 
in a configuration corresponding to the 
second drcuit after which the exposed por- 
tions of the dectrodeposited layer as wdl 12i» 
as the thin coating 28 thereunder are re* 
moved, as by diemical etching. Then the 
masking is removed. 

Various conventional methods of apply- 
ing the masking may be utilized, the weB- 130 



1.005.943 



30 



known photograirfilc technique being pre- 
ferred. In this process* a photosensitive 
coating is applied to the suifacp, the photo- 
sensitive coating is exposed to light in a pre- 
u determined pattern, and is then developed 
and fixed. Tne nonactivated portions of the 
photographic emulsion are washed away 
leaving a residue which constitutes the mask. 
The mask itself may be removed by using 
10 appropriate solvents. The details of this 
process are well known and will not be re- 
peated herein. 

The circuit assembly now has the con- 
figuration shown in Figure 5 and is com- 
15 plete for a two-layer circuit. The first and 
second circuits have been joined at the open- 
ing 27 in the insulating coating 26 by the 
metallurgical bond produoed by electro- 
plating which bonds throu^ the thin coat- 
20 ing 28 produced by diemical reduction. The 
metal plus in Figure 5 has a large diameter 
section 3o. a small diameter section 37. and 
another large diameter section 38. the sec- 
tions 36 and 38 corrBspondin|; to terminals 
25 20 of the first and second arcuits respec- 
tively. The insulating coatijm 26 extends 
mto the groove provided l^rSe section 37 
resulting in a strong mechanical engagement 
between the various layers constituting the 
drcuit assembly. In a typical unit, the 
terminal sections 36, 38 will have a diameter 
of 0.130 inch and the interconnectintg sec- 
tion 37 win have a diameter of 0.090 indL 
The plug may be drilled to receive a wire or 
35 component lead which ordinarily requires a 
0.030 inch hole through the plug and the 
base. 

The anchoring of the metal plugs may be 
materially improved by forming the in* 
40 sulating coatii^ 26 in a plurality of layers. 
The insulatmg coatmg may be applied by 
screening a fint layer of lesin onto the sur- 
face* laying a porous dieet onto tiie 
screened layer, and screening a second layer 
45 of rean onto the porous sheet The insulating 
coating is then set or cured in the usual 
manner. The two rean layers will be laid 
down in a predetermined pattern as dis- 
cussed previously, to provide openings for 
50 interconnections betwe^ the first and second 
drouits. The porous sheet need not have 
any pattern formed therdn as the chemical 
reduction process and the electroplating 
can take place through the porous materiaT 
T}r[^cally. a six-thousandths inch thick in- 
sulating coating may be formed by screen- 
ing on a one-thousandth inch layer of resin, 
laying on a four-thousandths inch thidc glass 
cloth, and screenmg on another one- 
W thousandth inch layer of rean. The glass 
doth wUl preferably be in the order of 50 
to 100 mesh and the dectroplated intercon- 
nection between the circuits will be formed 
around the individual fibers of the woven 
65 clotL This type of construction is of par- 
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ticular value where the metal plugs aie used 
as terminals for components and wires wluch 
produce mechanical loads on the drcuit 
assembly. 

In another alternative, a perforated sheet, 70 
sudi as a sheet of "Mylar'' (Registered 
Trade Marie) polyester resm having an all- 
over punching or rdativdy small openings 
or a pattern corresponding to the inter- 
drcuit connections can be substituted for Uie 75 
cloth. 

The resin layers used for insulatmg and 
adhesion may be applied by various 
methods. A layer may be applied in liquid 
form by silk screening or brushing. A layer 80 
may be foraied as a dry, uncured sheet then 
punched to the desired pattern and laid in 
place. In another ahemative. the layer may 
be applied to the porous sheet and dried. 

grior to placing the porous sheet in position. 86 
uch resin layers may be applied to one side 
or both sides of the jwrous sheet as desired. 

This multiple-laver insulating coating tech- 
nique may also be used to incorporate an 
additional circuit layer into the assembly 90 
and is particulariy useful in providing a 
terminal structure. For example, the porous 
sheet may carry one or more conductors 
which pass or tcmiinate at the opoiings 27 
and are joined to the underiying drcuit by 96 
the subsequent electroplating operation. 

Flexible harnesses are prepar^ by lamin- 
atiiig a very thin sheet of copper to a sheet of 
glass dott or "Teflon" or *'MyIar" 
(Registered Trade Maries) fitai, followed by 100 
making and etching to produce tiie desired 
circuit pattern. 

In a typical multilayer circuit of the in- 
vention, such a flexible harness may be used 
as part of an insulating coating, with an end 105 
of the harness left exposed for external con- 
nections. A two-la>[er drcuit can be f omed 
using the first circuit 24 as one layer and a 
harness as the second layer, with intercon- 
nections made by dectroplating plugs in the 110 
interconnection openings 27. 

Additional circuits ma;y be fonned over 
the first and second drcmts by repeating the 
process st^ of Figures 3 and 4. as illus- 
trated in Figures 6 and 7. Another insulat- 115 
ing coating 41 is applied over the structure 
of Figure 5 with openings m the coating at 
points where the second and third dicuits 
are to be interconnected. Then a tUn con- 
ducting coating 42 is applied to the structure 120 
by chemical reduction and the third drcuit 
44 is applied in a predetermined pattern, 
established by a mask 43. after which the 

gortions of the thin coating 42 not coveted 
y the tiiird drcuit are removed. The com- 125 
pleted three-layer drcuit is shown in Figure 
7. There is no Umit on the number of layers 
of drcuits which can be produced by this 
method. Extremely complex drcuits with 
more than two thousand connections and 130 
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twelve layers of circuits are possible. The 
circuit assemblies may be produced in 
quantity and all will be identical since the 
routing of the conductors is controlled by 
5 the predetermined j)attems and masks and 
conductors are not installed individually. 

Another embodiment of the process of the 
invention is shown in Kgurcs 11 — 14. This 
process is pardculaily suited for use in mak- 

10 ing circuits of the inlaid type having a flush 
surface for use with movmg contacts in 
switching appUcations and the like. Refer- 
ring to Figure 1 1, a first circuit 50 is applied 
to a temporaiy base 51 by any of the well- 

15 known methods. The temporary base 51 
may a sheet of metal, wood, plastk: or the 
like. It formed of a nonconducting material, 
the base may have a metal film on the sur- 
face thereoi When the temporary base has 

20 an electrically conducting surface, the first 
circuit may be applied by electroplating, 
either through a mask or dl over followed 
by etching to a desired configuration. An 
insulating coating 52 and a thin conducting 

25 coating 53 arc applied in the manner des- 
cribed in conjunction with the embodiment 
of Rgures 2—7. Then the second circuit 
may be applied and the remainder of the 
thin conducting coating removed, as des- 

30 cribed previou^y» to produce the structure 
of Figure 12. 

A permanent base or support 54 is then 
laid over the upper surface of the circuit as- 
sembly and the entire structure is subjected 

35 to a suitable t^perature and pressure to 
mold the pennanent base to the drcuiL The 
pennanent base is prtferably a she^ of un- 
cured tbennosettiAg plastic mat^ial and the 
molding pressure and temperature are 

40 chosen to produce setting of the |dastic 
material and bond the base 54 to the dicuit 
structure. The pennanent base with the 
drcuits inlaid therein may then be removed 
from the temporary ba^ by thennal cr 

45 mechanical shock or peeling or stripping or 
chemicallv dissolving the temporary base. 
The resultant structure is shown in Figure 
14 with the surface 56 having the conductors 
flush therewith and bdng extremdy smooth. 

50 Another embodiment of the invention is 
shown in Figures 15 and 16. In this em- 
bodiment, a first drcuit conductor 70 and an 
insulating coating 71 may be applied to a 
base 72 in the manner previously described. 

65 If desir^, the exposed surfaces of the first 
drcuit 70 may be raised to substantially the 
level of the surface of the insulating coat- 
ing 71 by dectroplating metal onto the first 
drcuit conductor to produce a metal plug 

60 73 in the opening 74 of the insulating coat- 
ing. This ^p was previously referred to in 
conjunction with Figure 3. 

In the next step, a conducting material 76 
is applied in a piedeCennined oattem over 

05 the surface of the structure. Tliis conduct- 



ing material defines the second drcuit but 
only partially covers the exposed surfaces 
of the first drcuit Then the second drcuit 
is applied by dectroplating a layer of metal 
77 onto the conducting material 76 and onto 70 
the remaining exposed portions of the first 
circuit 70, This operation produces a good 
metallurgical bond between the first and 
second drcuit conductors regardless of the 
quality of the bond between the conducting 75 
material 76 and the first drcuit. 

The layer of conducting mat*:rlal 76 may 
be applied by various known processes. For 
example, the layer 76 may be applied by 
paintmg or screening a conducting paste onto 80 
the surface of the unit, followed by drying 
and, if desired, firing to produce the metallic 
conducting film. In an alternative mode, an 
appropriate mask may be applied to the sur- 
face of the insulating coating 71 after which 85 
the conducting material 76 is app>lied by 
chemical reduction or vapor deposition or 
the like. Then the mask is removed leaving 
the conducting material in the desired pat- 
tern. When applying the conducting 90 
material 76 over the exposed surface of the 
first drcuit conductors, it is prrferred to 
cover no more than about one third of the 
area of each opening expoang the first 
circuit conductor so that the maximum area 05 
is available for the dectroplated metal- 
lurgical bond. 

Although exemplary embodiments of the 
invention have been disdosed and discussed, 
it will be understood that other applications 100 
of the invention are possible and that the 
embodiments disdosed may be subjected to 
various changes, modifications and substitu- 
tions witiiin die scope of the appended 
clauns. 

WHAT WE CLAIM IS 

L A multilayer drcuit assembly, indud- 
ing first and second dectrical drcuits dis- 
}x>sed in substantiaUy paralld planes, an in- 
sulating layer positioned between said 110 
drcuits, said layer having openings at zones 
where said drcuits are to be dectrically con- 
nected together, and a metal plu& formed by 
electrodeposition, filling an opening in said 
insdating layer and interconnecting the ad- H^* 
joining portions of said first and second 
drcuits providing substantially fiat upper and 
lower surfaces over the entire zone of inter- 
coimection. ^ 

Z An assembly accordhig to daim 1, I20 
wherein said insulating layer comprises a 
first fihn of plastic a porous sheet, and a 
second film of plastic with eadi of said 
films having openings at zones where said 
circuits are to be dectrically connected to- 1^ 
gether. 

3. An assembly ocooiding to daim 2, 
in which smd porous sheet is a doth woven 
of electrically nonconducting fiber. 
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4. An assembly according to daim 2. in 
which said porous sheet is a pezforated 
plasdc sheet 

5. An assembly accoiding to any of 
5 daims 2 to 4. wherein the porous sheet is 

adapted for canying the second electncal 
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least two of the circuits ^ ^ 

connected together by the metal plug. 

6. A process of fomiing a multilayer 
electrical circuit, including the steps : ap- 
pl^ng a first drcuit of electrical conducting 
material In a predeteimined pattern to a 
base; appl^^g a coating of insulating 

15 material to said first circuit to cover at least 
those portions of said first dicuit which are 
to be insulated from a second drcuit and to 
leave exposed those portions of said fiik 
drcuit wnidi are to be dectrically connected 

20 to the second drcuit; applying a thin coat- 
ing of conducting matenal over at least a 
portion of the exposed portions of said first 
drcuit; electrodepositing a conducting 
material to build up said exposed portions 

25 to substantially the level of the surface of 
said coating of insulating materkd; applying 
a second layer of conducting mateml on 
top of the first thin conductive coating to 
form a second electrical drcuit exhibiting a 

30 predeteimined pattern; and. if necessary, 
removing the first thin conducting coatinjg 
not covered by said second coating. 

7. A process according to daun 6. in- 
duding the steps of applying the tMn coat- 

35 ing of conducting material over all of the 
exposed portions of the first drcuit. applying 
the second drcuit of electrical conducting 
material in a predetermined pattern on said 
thin conducting coating; and then removing 

40 said first thin conducting coating not covered 
by said pattern of the second drcuit 

8. A process according to daun 7. 
wherein the second dcctrical drcuit is 
formed by masking the thin coating in a pre- 

45 determined pattern leaving areas exposed 
defining the second drcuit. dectroplating 
metal onto the unmasked areas of said thin 
coating to form the second circuit; remov- 
ing said ma^dng; and removing the exposed 

50 portions of said thin coating. 

9. A process according to daim 7, 
wherdn Uie second dectrical drcuit is 
formed by dectroplating metal onto tiie thin 
coating, ma^ng said electroplated metal in 

55 a predetermined pattern covering areas de- 
fimng the second circuit and removing the 
exposed areas of said electroplated metal 
and the thin coating thereunder. 

10. A process according to any of daims 
oO 6 to 9, wherein the thin metal coating is ap- 
plied by chemically redudng a met^ coat- 
ing over the structure. 

11. A process according to claim 10. 
wherdn the insulating coating applied over 

65 the first drcuit is continuous except for 



opemngs therein exposing portions of said 
first drcuit whidi are to be dectrically con- 
nected to portions of the second drcuit 

12. A process according to zxa^ of daims 

6 to 11, m which the first drcuit of eke- 70 
trical conducting material Is initially applied 
in a predetermined pattern to a temporary 
base, and wherein after the formation of the 
second circuit of dectri^ conducting 
material superppsed on said first circuit, a 75 
la^er of insulatioig material is applied against 
said second drcuit and adjacent areas to 
provide a permanent base, and then said 
temporary base is removed fixxn said 
drcuits and (permanent base leaving the 80 
second circuit inlaid in the permanent base. 

13. A process according to any of daims 
6 to 11. wherein a third dectrical drcuit is 
formed on said structure by applying a 
second coating of insdating material to said 85 
secoixl circuit to cover at least those por- 
tions of said second drcuit which are to be 
insulated from the duni circuit and to leave 
exposed those portions of said second drcuit 
which are to be electrically connected to the 90. 
thuxi drcuit; applying a second thin coat- 
ing of conducting material over the struc- 
ture; applying a third dxcuit of dectrical 
conducting material in a predetermined 
pattern on said second thin conducting coat- 95 
mg; and removing the remainder of said 
second thin conducting coating. 

14. A process according to any of the 
claims 6 — 13, in which the coating of in- 
sulating material applied to said mst dec- 100 
trical drcuit is formed by the stq>s of. ap- 
plying a first layer of insulating materia] to 
said first drcuit in a predetermined pattern 
havii^ openings at areas where said first 
drcuit is to be dectrically connected to the 105 
second drcuit applying a layer of a porous 
solid insulating material to said first layer, 
and applying a second layer of insulating 
material to said porous solid layer in the 
pattern of said first layer. 1 10 

15. A process according to daim 14. 
wherdn said porous solid layer comprises a 
glass doth. 

16. A process according to daim 14, 
wherein the porous solid layer comprises a 115 
perforated plastic sheet 

17. A process of forming a multilayer 
electrical drcuit including the steps of: 
applying a first drcuit of electrical conduct- 
ing material in a predetermined pattern to a 120 
base; applying a first layer of fluid insulat- 
ing material to said first drcuit in a predeter- 
mined pattern having openings at areas 
where said first drcuit is to be dectrically 
connected to a second circuit applying to 1^ 
said first fluid layer a layer of a porous solid 
insulating material carrying a second drcuit 

of electrical conducting material; and dec- 
trodepositing metal onto said first drcuit at 
said openings to substantially fill said open- 130 
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ings and interconnect said first and second 
circuits at predetennined points. 

18. A process according to claim 17, 
wherein: a third electrical circuit is applied 

5 to the superposed first and second arcuits 
on said structure by initially applying a thin 
coating of conducting matenal over the 
structure, applying the third circuit of elec- 
trical conducting material in a predeter- 

10 minod pattern on said thin conducting coat- 
ing, and removing the remainder of said thin 
conducting coating. 

19. A process of forming a multilayer 
electrical circuit, including the steps of; ap- 

15 plying a first circuit of electrical conducting 
material in a predetermined pattern to a 
base; applying a coating of insulating 
material to said first circuit to cover at least 
those portions of said first circuit which arc 

20 to be insulated from a second circuit and 
to leave expo^ connection portions of said 
first circuit which arc to be electrically con- 
nected to the second circuit; electrodeposit- 
ing metsd onto said first circuit at said con- 

26 nection portions to substantially build up 
said exposed portions to the top level of the 
insulating material* apriying a thin coating 
of conducting material m a predetemiined 
pattern on the insulating material to define 

30 a second circuit, wi& said pattern partially 



covering said connection portions of said 
first circuit; and electroplating metal onto 
the conducting material and the uncovered 
part of said connection portions of said first 
circuit to form the second circuit 35 

20. A process according to claim 19, in 
which the conducting material defining the 
second circuit is applied by screening an 
electrically conductive paste onto the sur- 
face and drying the unit to produce a metal- 40 
lie film. 

21. A process according to daim 19, in 
which the conducting material defining the 
second circuit is applied by masking the sur- 
face, applying a tnin coating of conducting 45 
materi^ over the masked surface and re- 
moving the masking material 

22. A process of forming a multilayer 
electrical circuit substantially as herein des- 
cribed. 50 

23. A multilayer circuit assembly con- 
structed substantially as herein described 
with reference to the einbodiments shown in 
the accompanying drawii^. 

STCVENS, LANGNER, PARRY & 
ROLLINSON, 
Chartered PSatcnt Agents, 
Agents for the Applicants. 
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1005943 COMPLETE SPECIFICATION 

O cuccrrc ^^^^ drawing Is a reproduction of 
L SHccIo Original on c reduced fco/e 

Sheets 1 & 2 
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